SYNOPSIS A rapid, inexpensive, and quantitative method is described for obtaining the levels of plasma very low, low, and high density lipoproteins using cellulose acetate electrophoresis and lipid assays without prior separation by ultracentrifuge or other techniques. It involves separation of the lipoproteins by cellulose acetate electrophoresis, followed by their identification with the ozoneSchiff reaction. The total lipoprotein concentration is estimated from the total plasma phospholipid, and the percentage of each component obtained by densitometric analysis of the stained electrophoretograms, using reflected light. For samples with a raised level of very low density lipoprotein, plasma triglyceride analysis is also required.
A quantitative method for blood lipoproteins using cellulose acetate electrophoresis H. N. MAGNANI' AND A. N. HOWARD From the Departments ofPathology and Investigative Medicine, University of Cambridge, England SYNOPSIS A rapid, inexpensive, and quantitative method is described for obtaining the levels of plasma very low, low, and high density lipoproteins using cellulose acetate electrophoresis and lipid assays without prior separation by ultracentrifuge or other techniques. It involves separation of the lipoproteins by cellulose acetate electrophoresis, followed by their identification with the ozoneSchiff reaction. The total lipoprotein concentration is estimated from the total plasma phospholipid, and the percentage of each component obtained by densitometric analysis of the stained electrophoretograms, using reflected light. For samples with a raised level of very low density lipoprotein, plasma triglyceride analysis is also required.
The results obtained by the cellulose acetate electrophoresis method are in good agreement with those by the analytical ultracentrifuge and the preparative ultracentrifuge with refractometry. The theoretical assumptions on which the method is based have been shown to be valid.
In recent years many attempts have been made to bring some order to the study of lipoproteins, most notable being the typing system using paper electrophoresis devised by Fredrickson, Levy, and Lees (1967) . This system has drawbacks as it gives limited information, especially to those who may require to differentiate various subtypes of lipoprotein. Improvements in electrophoresis giving clearer separations have been made by using either agarose alone (Papadopoulos and Kintzios, 1969) or in combination with agar (Noble, 1968) and cellulose acetate Winkelman, Ibbott, Sobel, and Wybenga, 1969; Fletcher and Styliou, 1970) as the support media instead of paper. However, without ultracentrifugal analysis, it is at present impossible to place electrophoresis of lipoproteins on a quantitative basis. Chin and Blankenhorn (1968) have attempted to make cellulose acetate electrophoresis quantitative but the lipidsoluble fat dyes they used do not stain the lipoproteins quantitatively.
An improved method of staining is that devised by Kohn (1961 and in which ozone reacts with the carbon-carbon double bonds of unsaturated fatty acids to form aldehydes which give a red colour with Schiff's reagent (Pearse, 1968 number of double bonds does not exceed 10 % and may be less (Blaton et al, in preparation; Blaton and Peeters, 1968) . Densitometric analysis of stained strips therefore gives a reasonable estimation of the quantity of lipid present in each band. Since the lipid: protein ratios of the individual lipoproteins have been measured (Table I) all that is further required for complete lipoprotein analysis is the total plasma lipoprotein concentration. After a perusal of the literature (Table I) it was noted that the phosphorus content of the high, low, and very low density lipoproteins (of Sr < 100) was approximately 23-5, 24-5, and 23-5, respectively (Lindgren and Gofman, 1957; Lindgren and Nichols, 1960; Lindgren, Nichols, Freeman, Wills, Wing, and Gullberg, 1964) Proteins were stained by the standard technique using amido schwartz (Bodman, 1960) . Lipids were stained according to the method of Kohn (1961 and . The strips were exposed to ozone for two hours at room temperature and to the Schiff's reagent for six hours at +4°C and then stored in 01 N HCI. An example of a fully stained strip is shown in Figure 1 .
Densitometric analysis of the electrophoretograns
The stained half-strips, whilst wet, were paired, aligning the protein stain with the corresponding lipoprotein stain as shown in Figure 1 . They were then examined by reflected light in a chromoscan (Joyce Loebl Instruments, Halifax, England), using a * mm x 5 mm slit for the lipoprotein and a i mm diameter aperture for the protein. Using the auto- 
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Lipid assays
Any technique for lipid measurement can be used for the assay procedure for lipoprotein. In early experiments lipid separation was carried out by thinlayerchromatography(TLC)andsubsequentdetermination of cholesterol (Babson, Shapiro, and Phillips, 1962) , phospholipids (Bartlett, 1959) ,and triglycerides (Marsh and Weinstein, 1966) . In a later series of experiments, the phospholipids were assayed directly 600 -500 Y300-n o°o
from the lipid extract without TLC, by extracting the plasma according to the method of Folch, Lees, and Sloane-Stanley (1957) , then analysing lipid phosphorus (Bartlett, 1959) . The triglyceride (Lofland, 1964 ) and cholesterol were also assayed, using an autoanalyser.
Percentage concentration of lipoprotein From the data in Table I The triglyceride concentration was found to be directly related to the total very low density lipoprotein (Sf 20-400) (Fig. 2c) . When this concentration was above 100 mg/lOOml, the total lipoprotein derived from the phosphorus assay was unreliable (because the percentage phosphorus in the very low density lipoprotein Sf > 100 is inversely related to the Sf value). In these cases, the very low density lipoprotein was estimated separately from the triglyceride concentration2 (Fig. 2c) and then re-used in deriving a 'corrected total lipoprotein' as follows:
'Using a standard statistical method as, for instance, that described by Quenouille (1966) .
2There is no need for other investigators to establish their own calibration curve since it is justifiable to use the data as shown in Figure 2. from the sum of the very low density lipoprotein (estimated by triglyceride assay) and the total lipoprotein (estimated by phosphorus assay) was subtracted 100 mg/100 ml (this figure being the approximate amount of very low density lipoprotein which the phosphorus assay estimates). Such corrected total lipoprotein then agrees well with the ultracentrifuge assays. In a few samples with very low density lipoprotein concentrations over 100 mg/ 100 ml, the excess had a predominating Sf rate in the 20-100 region. Such very low density lipoproteins were accurately accounted for by the phosphorus assay and did not require correction. These samples were distinguished by their electrophoretograms because the very low density ran closer to the low density lipoprotein or became incorporated into its leading edge.
Calcuilationi of each lipoproteini concentrationt
The concentration (mg/100 ml) of each class of lipoprotein was found by multiplying the percentage composition with the total lipoprotein calculated from the phosphorus assay. When the very low density lipoprotein concentration was above 100 mg/ 100 ml the corrected lipoprotein concentration using a triglyceride analysis was employed as described above.
Results
The total number of human samples studied was 111. The assignment of bands was achieved by correlating known lipoprotein fractions and samples from which they had been removed with their migration patterns given by the ozone-Schiff-stained electrophoretograms. Five main bands were observed (Fig. 3) . The lipomicrons of probable Sf 400-103 migrated in the albumin to cx2 globulin region, the actual position depending to some extent on their predominating Sr rate. The five bands were as follows: (1) Table   MI .
Figures 4-6 illustrate several aspects of the study of numerous plasma samples. The cellulose acetate electrophoretogram in Fig. 4 The cellulose acetate electrophoretogram in Fig. 6 is almost identical with that in Figure 5 The ozone-Schiff reaction was chosen for staining the electrophoretograms because it is quantitative and specific for lipoprotein. In contrast, fat-soluble dyes, such as Oil Red 0 and Lipid Crimson, are not quantitative because they are not specific for lipid and much of the lipid content of the lipoprotein is lost during the staining procedure (Blaton, personal communication) . Whole plasma and serum were found suitable for cellulose acetate electrophoresis, and it was not necessary to dialyse or separate lipoproteins by ultracentrifuge or other techniques before assay.
In order to develop cellulose acetate electrophoresis into a quantitative method, several assumptions were made, in particular that the number of fatty acid carbon-carbon double bonds available for reaction per unit mass of total lipid was the same for all classes of lipoprotein. Such was the case with a large range of different lipoprotein concentrations examined. The direct proportionality between staining and lipid content might not be true in extreme situations where the unsaturation between high, low, and very low density lipoproteins was widely different, and investigators using the cellulose acetate electrophoresis method in other species or in human disease where the lipid composition may be very abnormal might be advised to standardize the method against ultracentrifugation as was done here. In 8% of this series interpretation of the electrophoretogram was difficult because of an anomalous lipoprotein with unexpected migration characteristics but a normal analytical schlieren pattern profile on ultracentrifugation. Such abnormalities must result from alterations in charge density on the lipoprotein surface presumably due to the presence of different types of protein, phospholipids, or adsorbed fatty acid. One can speculate that this might be caused by a change in the apolipoprotein structure (Alaupovic, 1968) 
